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We did not attempt to retrieve the device percutaneously because
of the fear of more distal embolization. The patient was taken to the
operating room soon after the diagnosis wasmade.An interesting sit-
uation arose when the device could not be found in the ascending
aorta, where it was initially reported to be present. We think that ini-
tiation of femoral bypass resulted in the device being pushed back
into the proximal aorta. With subsequent aortic crossclamping and
antegrade cold blood cardioplegia, it slipped through the aortic valve
into the left ventricle and got entangled in the submitral apparatus.
The decision to start the patient on deep hypothermia with plans
of circulatory arrest was made for fear of distal embolization during
aortic manipulation. It seems that the femoral artery bypass pressure
helped by pushing the device back near the aortic valve and, with
subsequent antegrade cardioplegia, pushed the device through the
aortic valve into the left ventricle and then toward the left atrium,
and this saved the patient from an aortic intervention. This phenom-
enon has not been described in the literature to the best of our
knowledge.
We propose that when an ASO has embolized to the aorta, fem-
oral cannulation and cardiopulmonary bypass, along with transeso-
phageal echocardiography and fluoroscopy to localize the device
accurately, should be used.
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horacic endovascular aortic repair (TEVAR) has emerged
as an alternative treatment for adult patent ductus arterio-
sus (PDA) in recent years.1 We report here our prelimi-
nary experience in treating adult PDA with stent–grafts.
Clinical Summary
From September 2005 to March 2007, a total of 4 patients with
a large PDA and pulmonary hypertension underwent TEVAR. All
patients had exertional dyspnea. Transthoracic echocardiography,
computed tomographic angiography, and right heart catheterization
were conducted before the operation. All patients had severe pulmo-
nary hypertension. Indications for stent–graft implantation were as
follows: (1) adult patient with large PDA, (2) no other congenital
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cardiac defects, (3) no right-to-left shunt, (4) adequate landing
zone (arch diameter ,35 mm), and (5) adequate access route. The
study was approved by the institutional review board, and informed
consent was obtained. Clinical data are summarized in Table 1.
TEVAR was performed in a catheter laboratory with general
anesthesia. The TEVAR procedure is described in detail in our
previous article.4 Brachial and pulmonary arterial pressures were
monitored. Different arteries were used as access routes. The right
common femoral artery was used in 2 patients. Transperitoneal ex-
posure of the abdominal aorta was performed in 1 patient. The com-
mon iliac artery was mobilized through the postperitoneal approach
by a left oblique hypogastric incision in 1 patient. Tapered stent–
grafts (Grikin Advanced Materials Co, Ltd, Beijing, China) were
used. The left subclavian artery (LSCA) was covered simulta-
neously in all patients.
Stent-grafts were successfully implanted in all patients. Mean
pulmonary arterial pressure decreased from 65.8 6 8.4 mm Hgracic and Cardiovascular Surgery c Volume 135, Number 3 699
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Case 1 Case 2 Case 3 Case 4* Mean 6 SD
Sex Female Female Female Female
Age (y) 17 37 30 42 31.5 6 5.4
Pulmonary opening
diameter of PDA
(mm)
16 12 22 14 16.0 6 2.1
Aortic opening
diameter of PDA
(mm)
30 28 26 29 28.3 6 0.8
Stent–graft dimensions (mm)
Proximal diameter 30 36 34 34, 32
Length 100 120 120 85, 100
Distal diameter 26 30 28 30, 28
Preoperative MPAP
(mm Hg)
75 45 60 83 65.8 6 8.4
Postoperative MPAP
(mm Hg)
50 20 38 54 40.5 6 7.6
Follow-up (mo) 18 15 6 3 10.5 6 3.6
PDA, Patent ductus arteriosus; MPAP, Mean pulmonary arterial pressure. *Patient had two grafts placed.to 40.56 7.6 mm Hg (P, .05). Postoperative course was unevent-
ful. Complete occlusion of the PDA was achieved immediately
after stent-graft implantation in 3 patients (Figure 1). A cuff was
added in 1 patient during the procedure, but there was still trivial
left-to-right shunt. Before discharge, however, the shunt could no
longer be seen with transthoracic echocardiography and computed
tomographic angiography. There were no complications (eg, left
arm claudication or vertebrobasilar insufficiency) either after the
operation or during follow-up.
All patients were followed up for 3 to 18 months (average 10.5
months). Transthoracic echocardiographic examinations were per-
formed at discharge, at 1 postoperative month, and once a year after
the procedure. Computed tomographic angiography was conducted
at discharge and once a year after the procedure. Transthoracic echo-
cardiography1month after the procedure showed that the left ventricle
end-diastolic diameter had diminished from a preoperative value of
64.36 6.9 mm to a postoperative value of 56.56 6.1 mm (P, .05).
Discussion
Because of the fragility of the aorta and aneurysmal change of the
ductus, the surgical closure (whether through a left thoracotomy
or sternotomy) of PDA in adult patients carries a high risk. When
severe pulmonary hypertension is present, the risk of surgical repair
of PDA increases dramatically, especially when the transpulmonary
closure technique is used with hypothermic circulatory arrest.2
Transcatheter closure with umbrella or spring coil has proved to
be an effective and safe treatment. When a large PDA and severe
pulmonary hypertension are present, however, transcatheter closure
can be problematic. The most serious complication is the dislodg-
ment of the umbrella.3
Use of TEVAR to occlude the aortic opening of a PDA is
a reasonable alternative for the correction of this anomaly. The
procedure is less invasive than is open-chest surgery. Moreover, it
is more secure than an umbrella. Our early results are encouraging.
Because of the large left-to-right shunt at the level of descending
aorta and less blood going to the lower body, the diameter of the700 The Journal of Thoracic and Cardiovascular Surgery c Macommon femoral artery was small in our patients. Preoperative eval-
uation of femoral and iliac arteries with ultrasonography is impor-
tant. If the common femoral artery is small (diameter ,7 mm),
then the common iliac artery or even abdominal aorta should be
considered. The common iliac artery can be exposed through a post-
peritoneal approach with a left oblique hypogastric incision.
A sufficient proximal landing zone is essential for stent–graft
landing and PDA sealing. The LSCA was sacrificed in all of our
patients because of its proximity to the PDA. Because we consid-
ered this procedure relatively safe in light of our previous experi-
ence,4 no preoperative tests were performed to demonstrate its
safety. There were no complications related to the occlusion of
the LSCA, either after the operation or during follow-up. A
stent–graft with fenestration or a side arm might preserve the blood
flow to the LSCA5; however, such stent–grafts are not yet available
for purchase.
Early results of TEVAR of PDA are encouraging. As such,
TEVARmay be a therapeutic alternative for adult patients with large
PDA and pulmonary hypertension. Long-term follow-ups are
needed.
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Brief CommunicationsFigure 1. A, Digital subtraction angio-
graphy before stent–graft implantation.
B, Digital subtraction angiography after
stent–graft implantation. C, Computed
tomographic angiography before proce-
dure. D, Computer tomographic angio-
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